ABSTRACT. Cheilinus undulatus (humphead wrasse) is a marine fish distributed widely throughout the tropical Indo-Pacific. It has been listed as vulnerable in the IUCN Red Data Book and in CITES Appendix II four times. Fifteen microsatellite loci were isolated and characterized for this species. The number of alleles ranged from 3 to 15 per locus, and the observed and expected heterozygosity ranged between 0.0323-0.7742 and 0.2597-0.8773, respectively. The polymorphism information content ranged from 0.2353-0.8520. Four microsatellite loci deviated significantly from Hardy-Weinberg expectations. No significant linkage disequilibrium was found among any of the loci. These microsatellite loci will be useful for future investigations of genetic variation in the wrasse population.
INTRODUCTION
The humphead wrasse (Cheilinus undulatus Rüppell, 1835) is a large coral reef fish distributed widely throughout the tropical Indo-Pacific. It is the largest living member of the family Labridae, with a maximum size exceeding 2 m and 190 kg (Sadovy et al., 2003) . The humphead wrasse is one of the most valuable fish in the live reef food fish trade in Asia (Scales et al., 2007) . This species was listed as vulnerable in the IUCN Red Data Book and in CITES Appendix II. It was classified in this way due to concerns over rapidly declining population numbers in many areas, particularly within the last decade (Sadovy et al., 2003) . Until now, studies of C. undulatus have mainly focused on their geographical distribution, taxonomy, morphology, ecological habits, reproduction, and protection (Wada et al., 1993; Donaldson and Sadovy, 2001; Chateau and Wantiez, 2007; Pantelis et al., 2011) . Little is known about genetic relationships at different geographical scales, even though this information may provide new insight for the management and construction of protected areas. The use of polymorphic DNA markers is important for developing conservation strategies. Because of the lack of DNA markers in this species, we here report 15 polymorphic microsatellite loci isolated from the genomic DNA of the humphead wrasse to facilitate population genetic studies in this species.
MATERIAL AND METHODS
Genomic DNA was extracted from fish tail fins using the standard phenol-chloroform method. This DNA was then digested with Bsp143I. The digested products, 400-1000 bp in size, were separated on 1.0% low melting point agarose gel. A synthesized adaptor (LinkerA: 5'-GCGGTACCCGGGAAGCTTGG-3'; LinkerB: 5'-GATCCCAAGCTTCCCGGGTACGC-3') was ligated to the size-selected DNA fragments using T4 DNA ligase. Fragments containing microsatellite DNA were enriched by hybridization with a biotinylated (CA) 15 probe followed by isolation using streptavidin-coated magnetic beads (Promega).
The microsatellite-enriched DNA was amplified with the LinkerA primer, and then the product was ligated into a pMD18-T vector (Takara). Vectors were then transformed into competent E. coli DH5a cells and plated onto Luria-Bertani agar plates containing 60 mg/L ampicillin, 24 mg/L isopropyl-thio-β-galactoside, and 40 mg/L X-Gal. The colonies were each subjected to 3 independent polymerase chain reaction (PCR) screenings. The first PCR was carried out using 2 universal sequencing primers on the vector (M13: 5'-CGCCAGGGTTTTCCCAGTCACGAC-3'; RV-M: 5'-GAGCGGATAACAATTTCACACAGG-3'), the second using (CA) 15 oligo-nucleotide and the primer M13, and the third using (CA) 15 oligo-nucleotide and the primer RV-M.
A colony was considered desirable for sequencing only if the PCR product amplified by both sequencing primers was different from the product amplified by either the (CA) 15 oligo-nucleotide and the forward sequencing primer or the (CA) 15 oligo-nucleotide and the reverse sequencing primer. A total of 132 colonies were selected and sequenced using an ABI 3730 analyzer (Applied Biosystems). From the 78 microsatellite sequences obtained, we ultimately identified 20 microsatellite markers using the PRIMER PREMIER 5.0 software (Rychlik and Rhoads, 1989) . Five of the 20 loci either failed to amplify product or amplified non-specific products in some individuals.
To characterize the microsatellites, genomic DNA was isolated from 31 wild individuals from LingShui City, Hainan Province, 18.2346N 109.5158E. PCR amplifications were performed under the following conditions: an initial predenaturation at 95°C for 5 min followed by 30 cycles of denaturation at 94°C for 30 s, 30 s of annealing at temperatures listed in Table 1 , and extension at 72°C for 30 s, followed by a final extension at 72°C for 5 min. After PCR amplification, the obtained DNA samples were subject to electrophoresis on 8% non-denaturing polyacrylamide gels at 12 W for 3-4 h.
Genetic diversity was assessed by calculating the number of alleles per locus, observed, and expected heterozygosity, using the Popgene32 software package (Yeh et al., 1999) . Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium analysis were tested using Arlequin 3.11 (Excoffier et al., 2005) . Finally, PIC-CALC was used to calculate the polymorphism information content. 
RESULTS AND DISCUSSION
The primer sequences and other characteristics are listed in Table 1 . The number of alleles ranged from 3 to 15 and observed heterozygosity ranged from 0.0323 to 0.7742. Four microsatellite loci deviated significantly from Hardy-Weinberg expectations (HWE), but no deviations from HWE were detected after Bonferroni's correction (P > 0.05, for all 15 alleles), indicating a significant deficit of heterozygotes. All four loci were prone to null alleles (P < 0.05). The presence of excess null alleles may have biased the results of the HWE test (Jones et al., 1998) , or it may be related to a particularity of C. undulatus, which is highly restricted to the coral reef habitat and is sensitive to environmental change. No significant disequilibrium within samples was found, indicating that genotypes at pairs of microsatellites appear to be randomly associated and are inherited in a Mendelian fashion. These genetic markers will be useful for further evaluations of spatial and temporal genetic variation and conservation management of the humphead wrasse.
